These authors contributed equally to this work Purpose: We aim to construct a nomogram to predict breast cancer survival and guide postoperative adjuvant chemotherapy in China. Patients and methods: A total of 5,504 breast cancer patients from the Tianjin Breast Cancer Cases Cohort were included. Multivariable Cox regression was used to investigate the factors associated with overall survival (OS) and a nomogram was constructed based on these prognostic factors. The nomogram was internal and external validated and the performance was evaluated by area under the curve (AUC) and calibration curve. The partial score was also constructed and stratified them into low, moderate and high-risk subgroups for death according to the tripartite grouping method. Multivariate Cox regression analysis and the propensity score matching method were respectively used to test the association between adjuvant chemotherapy and OS in different risk subgroups. Results: Age, diameter, histological differentiation, lymph node metastasis, estrogen, and progesterone receptor were incorporated into the nomogram and validation results showed this nomogram was well-calibrated to predict the 3-year [AUC =74.1%; 95% confidence interval (CI): 70.1-78.0%] and 5-year overall survival [AUC =72.3%; 95% CI: 69.6-75.1%]. Adjuvant chemotherapy was negatively associated with death in high risk subgroup [Hazard Ratio (HR) = 0.54; 95% CI: 0.37-0.77; P<0.001]. However, no significant association were found in groups with low (HR=1.47; 95% CI: 0.52-4.19; P=0.47) and moderate risk (HR=0.78; 95% CI: 0.42-1.48; P=0.45). The 1:1 PSM generated 822 pairs of well-matched patients and Kaplan-Meier showed the high-risk patients could benefit from chemotherapy, whereas low risk and moderate risk subjects did not appear to benefit from chemotherapy. Conclusion: Not all of the breast cancer patients benefit equally from chemotherapy. The nomogram could be used to evaluate the overall survival of breast cancer patients and predict the magnitude of benefit and guide adjuvant chemotherapy for breast cancer patients after surgery.
Introduction
Breast cancer is the most common carcinoma in women with high morbidity, and its sharply increasing mortality is affecting women in developing countries, especially in China. [1] [2] [3] The development of novel systemic adjuvant therapies has contributed to significant progress in the management of breast cancer. 4, 5 Adjuvant chemotherapy, which exhibits great improvement in prognosis for postoperative breast cancer patients, remains as a frequently used treatment option in the adjuvant settings. [6] [7] [8] Survival prediction based on the patients' clinical characteristics such as age, tumor size, and hormone receptor status are very important in prescribing of chemotherapy regimens in clinical practice 9 Moreover, studies also showed not all patients benefit the same degree of cancer recurrence and death reduction from chemotherapy. [10] [11] [12] Accordingly, the selection of adjuvant chemotherapy should not only consider the clinical characteristics, but also the potential benefit of patients. 5, 12, 13 However, how to comprehensively utilize the aforementioned factors to predict breast cancer survival and provide beneficial postoperative adjuvant chemotherapy guidelines for patients remains a complex issue.
A number of models tried to assess breast cancer patient's survival using clinical prognostic variable and gene expression profiling such as PREDICT 14 MammaPrint 15 OncotypeDX 10, 16 and the MSKCC nomogram 17 however, few studies have been conducted in China until now. (Table S1 ) "Adjuvant! Online" is an another well-calibrated and widely used appraisal tool for estimating breast cancer survival and is also recommended by the National Comprehensive Cancer Network (NCCN) to guide postoperative adjuvant chemotherapy. [18] [19] [20] [21] [22] However, it was developed based on the Surveillance, Epidemiology, and End-Results (SEER) dataset, whose incidence of breast cancer much higher than that in Chinese women. 2, 23 Moreover, the distributions of reproductive factors that may contribute to breast cancer development and prognosis were different between Asian and American women. 24, 25 Additionally, validation studies also showed the Adjuvant! Online was overoptimistic in predicting breast cancer survival for patients in China. 26, 27 Additionally, de Glas and colleagues also commented that the relatively younger patients included in the study and benefits of therapy were mainly evaluated based on clinical trials that with relatively few proportions of older patients, thus it could not be extrapolated to the general breast cancer patients 28 Therefore, Adjuvant! Online could not be applied for prognosis prediction in Chinese breast cancers and a more suitable prognostic model was warranted to develop and apply in Chinese clinical settings.
In the current study, we aim to construct a survival predictive score for predicting breast cancer OS based on a hospital-based breast cancer survival cohort in Tianjin, P.R. China, so as to assist the clinicians in guiding the implementation of individualized adjuvant chemotherapy regimen for breast cancer patients in China.
Materials And Methods

Study Population
Tianjin Breast Cancer Cases Cohort (TBCCC) was established in 2007. All the pathologically confirmed breast cancer patients who were diagnosed or received treatment in the Tianjin Medical University Cancer Institute and Hospital were included. The epidemiological, clinical and therapeutic information were collected by one professional full-time personnel using a structured face-to-face questionnaire. An experienced staff was employed for chasing the survival status once a year by telephone. Moreover, the database was annually updated by checking medical records and by linking to the Tianjin Cancer Death Registry System.
The external validation cohort was abstracted from the Surveillance, Epidemiology, and End Results (SEER) 18 registries cohort 29 SEER program was established in 1973, which is an important data source for cancer epidemiological analyses that comprising approximately 30% of the total US population. SEER*Stat version 8.3.5 was applied to generate the case listing.
Factors And Outcome Definition
Estrogen receptor (ER) and Progesterone receptor (PR) status of breast cancer were assessed by immunohistochemistry and were considered positive if ≥ 1% of positive stained cells. 22, 30, 31 Human epidermal growth factor receptor-2 (HER-2) status was determined by immunohistochemistry and the subjects with suspicious positive (2+) were additionally tested by fluorescent in situ hybridization. The primary outcome of our study was OS, which was defined as the time from the diagnose date of breast cancer to the date of all-cause death.
Inclusion Criteria
The patients included in the present study fulfilled the following criteria: 1) aged 18-90 years females with unilateral malignant breast cancer; 2) after radical mastectomy; 3) without receiving preoperative chemotherapy or radiotherapy; 4) without distant metastasis. For the SEER cohort, the Chinese female malignant breast cancer patients who were aged 18-90 years, with only one primary site of malignant cancer, TNM I-III stage, histological grade I-IV, diagnosed between 2010 and 2012 (at least 3 years follow-up, as all of the patients, were followed up until 2015), underwent breast surgery, with known ER and PR status and did not have distant metastasis were included. 
Statistical Analysis
Normally distributed data such as age was summarized as mean± standard deviations (SD). Categorical variables were presented as counts and percentages and the difference between groups were tested by Pearson's chi-square test or Wilcoxon rank-sum test. Multivariable Cox proportional hazards regression was applied to investigate the possible prognostic factors for OS. On the basis of the identified prognostic factors, a nomogram was constructed. The discrimination of the nomogram was evaluated by the receiver operating curve (ROC) and Harrell's Concordance-index (C-index) 32 Area under the curve (AUC) or C-index value of 0.5 indicated no discrimination and a value of 1.0 indicated the perfect separation of patients. Calibration was evaluated by plotting the mean Kaplan-Meier estimate versus the mean nomogram-predicted probability for patients by bootstrapping with 1000 resamples. In order to examine the generalizability of the nomogram, external validation was conducted using the SEER cohort. The partial score method was used to construct the prognostic partial score (PPS). 33, 34 Moreover, the PPS was classified into 3 subgroups as low, moderate, and high-risk group according to the tripartite grouping method. The concordance between the predicted survival and actual outcome of different groups of PPS was plotted by the survival curve.
To investigate the effect of adjuvant chemotherapy on the OS, multivariable Cox regression analysis was conducted to avoid the confounding factors. Moreover, a propensity score matching (PSM) method was used to balance observed covariates between patients received and not received adjuvant chemotherapy 35 Kaplan-Meier method was used and the difference between the curves was tested by the log rank test.
Statistical analyses were carried out using Statistical Package for the Social Sciences (SPSS) version 23.0 software package for Windows (SPSS Inc), R version 3.4.1 (R Foundation for Statistical Computing, Vienna, Austria; www.r-project.org) and Stata statistical software version 12 (StataCorp, College Station, TX). Statistically significant levels were two-tailed and set at P<0.05.
Results
Demographic And Clinical Characteristics
A total of 5,504 breast cancer patients were included in the current study ( Figure S1A ). Of these, the mean age was 51.74±10.26 years (24-89 years), the mean OS was 64.67 ±25.07 months (0-159 months) and the 3-year and 5-year survival rates were 97.2% and 93.8%, respectively. A total of 4,645 (84.4%) patients underwent postoperative chemotherapy, and twenty-seven of 1410 (1.91%) HER-2 positive patients received targeted therapy.
For the SEER cohort, a total of 2,110 records fulfilled the inclusion criteria. The mean survival was 48.83±14.35 months (0-71 months) and the 3-year OS rate was 96.0% ( Figure S1B ). The demographic and clinical characteristics of the current cohort and the SEER cohort were listed in Table 1 .
Construction And Validation Of The Predictive Nomogram
Multivariable Cox regression model showed that age, tumor diameter, lymph node metastasis, and ER and PR expression were independent prognostic factors for OS. Although the histological differentiated grade was borderline significant (P=0.07), it was clinically relevant for predicting OS, thus it was incorporated into the multivariable regression model. (Table 2 ) On the basis of the above identified prognostic factors, a nomogram was constructed for predicting the 3-year and 5-year OS for breast cancer patients ( Figure 1 ).
The C-index of the nomogram for 3-year and 5-year OS prediction were 0.74 [95% confidence interval (CI): 0.69-0.78] and 0.72 (95% CI: 0.69-0.75), respectively. The calibration curve showed the prediction (solid line) was closely approximates the 45-degree line (Figure 2A  and B) . Moreover, the ROC curve showed the nomogram exhibited good discrimination to predict the 3-year and 5-year OS and the AUC were 74.1% (95% CI: 70.1-78.0%) and 72.3% (95% CI: 69.6-75.1%), respectively ( Figure 2D and E).
For external validation in the SEER dataset, the nomogram showed an optimal agreement between actual and predicted survival for 3-year OS. ( Figure 2C ) Additionally, the nomogram showed good discrimination in the validation set with C-index of 0.74 (95% CI: 0.67-0.80) and AUC of 74.0% (95% CI: 68.3-79.8%), which confirmed the exportability of the nomogram ( Figure 2F ).
Construction And Validation Of The Prognostic Partial Score (PPS)
The PPS was constructed based on the nomogram and three risk groups were modeled. The proportion of the breast cancer patients in the low, moderate, and high-risk subgroups were 34.6% (N =1,907; PPS ≤19.0), 32.1% (N =1,767; PPS=19.5-23.0), and 33.2% (N =1,830; PPS >23.0), respectively. This grouping led to good separation and accurate prediction of the OS probability for 3-year ( Figure 2G ) and 5-year OS ( Figure 2H ) in the TBCCC cohort and 3-year OS ( Figure 2I ) in the SEER validation cohort. 
Clinical Utility Of The PPS In Adjuvant Chemotherapy
Multivariable Cox regression analysis showed adjuvant chemotherapy was negatively associated with the risk of death [hazard ratio (HR) =0.65; 95% CI: 0.48-0.87; P=0.004] ( Figure 3A) . When stratified by the PPS, chemotherapy was significantly associated with better OS for the high-risk subgroup (HR=0.54; 95% CI: 0.37-0.77;
P<0.001). However, no significant association was found in the low-risk subgroup (HR=1.47; 95% CI: 0.52-4.19; P=0.47) or the moderate-risk subgroup (HR=0.78; 95% CI: 0.42-1.48; P=0.45) ( Figure 3B-D) . PSM was conducted, the overall propensity score and all the factors were comparable in all of the groups after matching (Table S2-S5) . Results showed patients with adjuvant chemotherapy exhibited a better OS than those who did not receive chemotherapy (96.2% vs 92.7% without chemotherapy; P=0.002) ( Figure 4A ). When further stratified by the PPS group, high-risk patients significantly benefit from receiving chemotherapy (92.4% vs 84.7% without chemotherapy; P=0.004). No significant benefit was found in the low-risk group (98.6% vs 98.4% without chemotherapy; P=0.96) or the moderate-risk group (95.1% vs 94.4% of without chemotherapy; P=0.71) ( Figure 4B-D) .
Discussion
In the current study, we constructed a well-calibrated prognostic score based on the age, diameter, histological differentiation, lymph node metastasis, estrogen receptor and progesterone receptor to predict the 3-year and 5-year breast cancer survival and then according to the PPS score to stratify the patients into high, moderate and low risk subgroup for death. And then we aim to discuss the benefit of adjuvant chemotherapy in different risk groups. The results showed the subjects with high risk could markedly benefit from the chemotherapy while the ones with moderate and low-risk derived no significant benefit. As far as we know, this is the first study conducted for predicting the overall survival based on Chinese breast cancer patients. Several demographic and clinical characteristics such as age at diagnosis, tumor size, histological differentiated grade, ER, PR and lymphatic node metastasis were proven to be the independent prognostic factors for breast cancer OS, which were consistent with previous studies. [36] [37] [38] It is also reported human epidermal growth factor-2 (HER-2) positivity expression was significantly associated with poor survival and may have implications in the guidance of adjuvant chemotherapy for breast cancer patients. [39] [40] [41] However, HER-2 positive expression was not significantly associated with OS in the current study, which may be partly due to the short-term follow up. In the current study, the median follows up period of the patients were about 5 years and the corresponding relative survival rates of breast cancer were reported to be approximate 94% in the current cohort. Accordingly, although the difference may existapparent difference could not be achieved in the short follow-up period. Additionally, this prediction nomogram was constructed to guide the postoperative adjuvant chemotherapy, thus the treatment factors such as radiotherapy and endocrinotherapy after surgery were not included.
Results showed that breast cancer patients at high risk may benefit most from adjuvant chemotherapy, and the ones with moderate and low risk could not earn more survival time after receiving adjuvant chemotherapy, which was also consistent with the 21-gene assay. 10, 16 Accordingly, the PPS could guide the allocation of adjuvant chemotherapy for breast cancer patients after surgery in China. The chemotherapy for subjects with moderate risk should be considered according to personal needs. Additionally, the choice of receiving chemotherapy as adjuvant therapy is not only determined by the tumor characteristics of the patients, but also the patients' preference. 42, 43 However, we were unable to capture the role of patient preference for selection of adjuvant therapy in the current study, which may partly affect the application of the prediction nomogram. Further studies were warranted to adjust the patient preference of adjuvant chemotherapy when investigating the benefit of chemotherapy in different risk subgroups in the future. Many methods were recommended to avoid the effect of confounding factors such as the multivariable regression analysis and instrumental variable method; however, none of these methods could fully avoid the bias as multivariable regression analysis could only adjust for the known and currently available confounding factors, and most of the instrumental variables could just explain small part of the variance of the exposure. 44, 45 Accordingly, we tried to comprehensively utilize a variety of statistical methods to confirm the results. In the current study, the multivariable Cox regression was conducted to adjust the confounding factors and a propensity score matching method was also conducted to further confirm the benefit of postoperative chemotherapy in the clinics. However, due to the nature of propensity score matching procedure, the patients with extremely probabilities that certainly benefit and none benefit from chemotherapy would be deleted because of the unsuccessful match, which may partly affect the statistical performance and exhibit a relatively conservative result. There are several limitations to our study. Firstly, the follow-up period was tended to be short, which may affect the performance and the application of the prediction nomogram to some extent, as some important factors such as HER-2 were not included in the model. Secondly, the primary endpoint did not include the disease-free survival, only overall survival, which may partly limit the wide application of the results. Thirdly, due to the data limitation, the predictive model only included the clinical features. The data which reflected the host microenvironment like tumor-infiltrating lymphocytes was not included, which may partly affect the diagnostic accuracy of the predictive nomogram. Fourthly, due to the incomplete record of chemotherapy regimens in the present study, we could just provide a crude dichotomous grouping of chemotherapy (yes vs no) when analysis its benefit in different risk subgroups. In the future, further studies will be conducted to investigate the benefit of the specific chemotherapy agent, cycles and dose in different risk subgroups and help the clinicians to tailor targeted therapy. Moreover, due to the lower proportion of HER-2 positive patients treated by target therapy, we did not conduct further stratified analysis. More studies should be conducted to incorporate these factors into consideration when guiding the adjuvant chemotherapy in the future. Finally, because of the unavailability of data, we were unable to externally validate the clinical utility of the PPS in guiding adjuvant chemotherapy in other centers. Therefore, more studies are needed to further validate the clinical application of PPS in the future.
Conclusion
The nomogram was a well-calibrated model for predicting the degree of benefit from adjuvant chemotherapy in Chinese breast cancer patients and it may be utilized in the guidance for the postoperative adjuvant therapy in clinical settings. 
